
LINEAR SOILS SURVEY AND 
RECOMMENDATIONS 

 
PROJECT NO. SS-5-021(016)000 

  
PCN  18244 

 
COUNTY Slope & Hettinger 

 
ND Highway 21 From  RP 0.000 to RP 15.775 

 
 
 

 
 
 

PREPARED BY: Jordan M. Nehls, P.E. 
 
 

NORTH DAKOTA DEPARTMENT OF TRANSPORTATION 
MATERIALS AND RESEARCH DIVISION 

 
 
 

FEBRUARY 2017 
  







Table of Contents 
Existing Roadway Section ....................................................................................................... 1 

Construction History ............................................................................................................. 1 
Existing Roadway Condition................................................................................................... 2 

Distress Data ........................................................................................................................... 2 
Ride Data .................................................................................................................................. 3 
Soil Sample Distribution ...................................................................................................... 4 
Moisture .................................................................................................................................... 5 
Atterberg Limits ...................................................................................................................... 5 
Swell Potential ........................................................................................................................ 5 
Frost Susceptibility ............................................................................................................... 6 
Group Index ............................................................................................................................. 6 

Existing Surface and Base Section at the Boring Locations ......................................... 7 
Design Recommendations ...................................................................................................... 9 

Design Information .............................................................................................................. 10 
Plan Notes .............................................................................................................................. 10 

 
List of Figures 

Figure 1 – Typical Section R.P. 0.000 to R.P. 15.775 ............................................................ 1 
Figure 2 - Soil Sample Distribution ............................................................................................ 4 
Figure 3 - Frost Susceptibility Distribution ................................................................................ 6 
  
 

List of Tables 
Table 1 - Construction History – R.P. 0.000 to R.P. 15.775 .................................................. 1 
Table 2 – 2015 Distress Data ..................................................................................................... 2 
Table 3 – 2015 Ride Data ........................................................................................................... 3 
Table 4 - Identified Maintenance Areas .................................................................................... 4 
Table 5 - Summary of In-Place and Optimum Moisture Contents ........................................ 5 
Table 6 - Summary of In-Place versus Optimum Moisture Content .................................... 5 
Table 7 - Summary of Atterberg Limits ..................................................................................... 5 
Table 8 - Swell Potential ............................................................................................................. 5 
Table 9 - Group Indices ............................................................................................................... 6 
Table 10 - Surface and Base Section at the Boring Locations ............................................. 7 
Table 11 – Design Recommendations ...................................................................................... 9 
 

Appendices 
Appendix A – Soil Classification and Frost Susceptibility 
Appendix B – Pavement Evaluation Log and Subsurface Investigation Scope 
Appendix C – Boring Locations
Appendix D – Summary of Soils Analysis
Appendix E – Lab Results 
Appendix F – HES-5-021(023)000 Linear Soils Report and Recommendation 
 
  



Linear Soils Report and Recommendations 
SS-5-021(016)000 
Page 1 
 
Introduction 
 
Location: Highway 21 From Junction Highway 85 to North Junction Highway 22 - New 
England 
Reference Points: 0.000 to 15.775 
Project Length: 15.775 Miles 
Proposed Project: Minor Rehabilitation HBP Overlay, Sliver Grading 
Investigation Scope: 1000’ intervals along Highway 21 
 
Existing Roadway Section 
 

Construction History 
 

Table 1 - Construction History – R.P. 0.000 to R.P. 15.775 
Construction History 

Year Construction Depth (in) Width (ft) Oil 
1950 Traffic Surface Gravel 4.0 22.0 --- 
1955 MTCE Shoulder Widening --- 28.0 --- 
1955 Stabilized Base 5.0 26.0 --- 
1992 District Chip Seal --- 22.0 --- 
2001 Int Cont Patch – 1.0” --- 26.0 PG 58-28 
2002 District Chip Seal --- 1.0 - 24.0 - 1.0 HFMS-2 
2009 Hot Bit Pavement 2.0 22.0 PG 58-28 
2012 Federal Aid Chip Seal --- 22.0 CRS2P 

 
 

 
Figure 1 – Typical Section R.P. 0.000 to R.P. 15.775 
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Existing Roadway Condition 
 

Distress Data 
 

Table 2 – 2015 Distress Data 

 Reference 
Point  

 Alligator 
Cracking  

 
Longitudinal 

Cracking  

 
Transverse 
Cracking  

 Block 
Cracking  

 
Bituminous 

Patching  
 Rutting  

 (0-27)   (0-9)   (0-9)   (0-9)   (0-18)   (0-27)  
0  3  1  4  0  0  0  
1  3  1  4  0  0  0  
2  3  1  4  0  0  0  
3  3  4  7  0  2  0  
4  3  4  7  0  6  0  
5  3  1  4  0  2  0  
6  3  4  4  0  0  0  
7  0  1  4  0  0  0  
8  3  1  4  0  0  0  
9  3  1  4  0  0  0  
10  3  1  4  0  0  0  
11  3  4  4  0  0  0  
12  3  4  4  0  6  0  
13  3  4  4  0  6  0  
14  3  1  4  0  0  0  
15  3  7  7  0  0  0  

Average 3  3  5  0  1  0  
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Ride Data 
 
Table 3 – 2015 Ride Data 

Reference 
Point  

 Distress Score   Rut (inches)  
 International 
Roughness  

 Index (inches/mile)  
 

Excellent   ≥ 98   
Excellent   < 0.25   

Excellent   < 61  

 Good   88 - 97   Good   0.25 - 
0.375   Good   61 - 99  

 Fair   77 - 87   Fair   0.376 - 
0.50   Fair   100 - 145  

 Poor   ≤ 76   Poor   > 0.50   Poor   >145  
0 91 0.08 91 
1 91 0.08 75 
2 91 0.08 70 
3 83 0.09 108 
4 79 0.09 85 
5 89 0.10 97 
6 88 0.08 68 
7 94 0.08 85 
8 91 0.09 79 
9 91 0.10 80 

10 91 0.07 69 
11 88 0.09 82 
12 82 0.10 90 
13 82 0.09 87 
14 91 0.09 88 
15 82 0.10 95 

Average 88 0.09 84 
 
 
Maintenance Review 
 

Date of Maintenance Review(s): 6/29/2016 
Materials and Research Person Conducting the Review: Jamie Naumann 
District Maintenance Person Conducting Review: Dom Howie, New England Section 
Supervisor 
 
The summary of the identified maintenance areas are shown in the following table.   
The pavement evaluation log can be found in Appendix B. 
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Table 4 - Identified Maintenance Areas 
Location RP + Feet Distress Identified Drilling Required (Yes or No) 
0+0000 To 15+4147 Transverse Cracks No 
3+0430 To 3+0600 Bituminous Patch – Bridge Ends No 
3+3924 To 3+4000 Rutting – Blade Patch No 
3+5142 To 4+1870 New Asphalt – Vertical curve 

correction in 2014 
No 

4+1870 To 5+0980 Rutting – EB Lane No 
5+1185 To 5+1235 Alligator Cracking – Hand Patch -  

EB Lane  
No 

8+4700 Alligator Cracking – Hand Patch -  
Rt Wheel Path - EB Lane  

No 

12+3100 To 13+1400 New Asphalt – Horizontal curve 
correction in 2014 

No 

 
Summary of Soil Analysis 
 
A total of 78 borings were performed throughout the project.  Based on the similarity of 
the soils and the scope of the project the samples were paired back and some were 
only tested for moisture content.  Additional testing was performed on 54 samples. 
  

Soil Sample Distribution 
 

 
Figure 2 - Soil Sample Distribution 
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Moisture 
 

The moisture contents provided in this report and summarized below have been 
obtained from samples taken between 10/5/16 & 10/6/16. 

 
Table 5 - Summary of In-Place and Optimum Moisture Contents 

Quantity AASHTO 
Classification 

In-Place 
Moisture 

Range (%) 

In-Place 
Moisture 

Average (%) 

Optimum 
Moisture 

Average (%) 

Difference 
Between 

Average In-
Place and 
Optimum 

Moistures (%) 
5 A-2-4 9.7-11.2 10.6 9.7 0.9 
6 A-4 12.8-18.5 14.4 10.3 4.1 
18 A-6 13.3-25.7 18.0 11.0 7.0 
25 A-7-6 10.6-27.3 21.8 12.8 9.0 

  
Table 6 - Summary of In-Place versus Optimum Moisture Content 

 
 

Quantity 

 
AASHTO 

Classification 

 
Below 

Optimum 

Optimum 
to 

Moderate 
(0 to 6% 

over 
optimum) 

Moderate 
to 

High 
(6 to 10% 

over 
optimum) 

 
 

High 
(10 to 

16% over 
optimum) 

 
Very 
High 

(> 16% 
over 

optimum) 

5 A-2-4 0% 100% 0% 0% 0% 
6 A-4 0% 100% 0% 0% 0% 
18 A-6 0% 50% 39% 11% 0% 
25 A-7-6 4% 0% 68% 24% 4% 

 
Atterberg Limits 

 
Table 7 - Summary of Atterberg Limits 

AASHTO 
Classification 

Liquid 
Limit 

Range 
(%) 

Liquid 
Limit 

Average 
(%) 

Plastic 
Limit 

Range 
(%) 

Plastic 
Limit 

Average 
(%) 

Plasticity 
Index 
Range 

(%) 

Plasticity 
Index 

Average 
(%) 

A-2-4 0-25 5 0-18 4 0-7 1 
A-4 0-25 16 0-18 11 0-9 5 
A-6 26-39 34 13-19 16 11-22 17 

A-7-6 41-63 48 16-22 19 23-41 29 
 

Swell Potential 
 
The swell potential, which is based on the Plasticity Index (PI), is shown in the 
following table. 
 
Table 8 - Swell Potential  

Low 
(Plasticity Index < 25) 

Marginal 
(25 ≤ Plasticity Index ≤ 35) 

High 
(Plasticity Index > 35) 

61% 33% 6% 
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Frost Susceptibility 
 

 
Figure 3 - Frost Susceptibility Distribution 

 
Group Index 
 
The Group Index is a parameter used to evaluate the quality of a soil as a subgrade 
material.  The group index is always zero for A-1, A-2 and A-3 soils (Granular Soils).  
A group index of 20 or greater indicates a “very poor” subgrade material.  The group 
indices are summarized in the following table. 
 
Table 9 - Group Indices 

AASHTO 
Classification 

Group Index Range Group Index Average 

A-2-4 0-0 0 
A-4 0-3 1 
A-6 1-17 9 

A-7-6 16-42 26 
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Existing Surface and Base Section at the Boring Locations 
 
The soil borings were performed on 10/5/16 and 10/6/2016 using a 6 inch solid flight 
auger. The following table represents the pavement section as reported in the field log 
at the boring locations.  

 
Table 10 - Surface and Base Section at the Boring Locations 

RP + Feet   Offset   Asphalt Thickness 
(ft)  

 Base Thickness 
(ft)  

0+0118  Rt 8 EB  0.9  0.5  
0+1000  Rt 8 EB  0.9  0.4  
0+2000  Rt 8 EB  0.8  0.5  
0+3000  Rt 7 EB  0.9  0.5  
0+4000  Rt 7 EB  0.9  0.7  
1+0000  Rt 7 EB  0.9  0.7  
1+1000  Rt 7 EB  0.7  0.4  
1+2000  Rt 7 EB  0.7  0.4  
1+3000  Rt 7 EB  1.2  0.4  
1+4000  Rt 7 EB  0.9  0.3  
2+0000  Rt 7 EB  0.6  0.3  
2+1000  Rt 7 EB  0.6  0.5  
2+2000  Rt 7 EB  0.6  0.5  
2+3000  Rt 7 EB  0.7  0.3  
2+4000  Rt 7 EB  0.6  0.4  
3+0000  Rt 7 EB  0.6  0.5  
3+1000  Rt 7 EB  0.7  0.5  
3+2000  Rt 7 EB  0.6  0.4  
3+3000  Rt 7 EB  0.6  0.4  
3+4000  Rt 7 EB  0.6  0.3  
4+0000  Rt 9 EB  0.4  1.1  
4+1000  Rt 9 EB  0.4  0.8  
4+2000  Rt 9 EB  0.6  0.3  
4+3000  Rt 9 EB  0.7  0.4  
5+0000  Rt 9 EB  0.7  0.4  
5+1000  Rt 9 EB  0.6  0.4  
5+2000  Rt 9 EB  0.6  0.9  
5+3000  Rt 9 EB  0.5  0.3  
5+4000  Rt 9 EB  0.6  0.3  
6+0000  Rt 9 EB  0.6  0.3  
6+1000  Rt 9 EB  0.3  0.6  
6+2000  Rt 9 EB  0.4  0.7  
6+3000  Rt 9 EB  0.4  0.8  
6+4000  Rt 9 EB  0.5  0.5  
7+0000  Rt 9 EB  0.7  0.4  
7+1000  Rt 9 EB  0.5  0.2  
7+2000  Rt 9 EB  0.5  0.5  
7+3000  Rt 9 EB  0.5  0.4  
7+4000  Rt 9 EB  0.6  0.3  
8+0000  Rt 9 EB  0.6  0.3  



Linear Soils Report and Recommendations 
SS-5-021(016)000 
Page 8 
 

RP + Feet   Offset   Asphalt Thickness 
  

 Base Thickness 
  8+1000  Rt 9 EB  0.5  0.3  

8+2000  Rt 9 EB  0.4  0.5  
8+3000  Rt 9 EB  0.4  0.3  
8+4000  Rt 9 EB  0.5  0.4  
9+0000  Rt 9 EB  0.4  0.3  
9+1000  Rt 9 EB  0.5  0.2  
9+2000  Rt 9 EB  0.5  0.3  
9+3000  Rt 9 EB  0.5  0.3  
9+4000  Rt 9 EB  0.5  0.4  
10+0000  Rt 9 EB  0.5  0.3  
10+1000  Rt 9 EB  0.5  0.2  
10+2000  Rt 9 EB  0.4  0.4  
10+3000  Rt 9 EB  0.4  0.4  
10+4000  Rt 9 EB  0.5  0.4  
11+0000  Rt 9 EB  0.5  0.3  
11+1000  Rt 9 EB  0.4  0.5  
11+2000  Rt 9 EB  0.5  0.4  
11+3000  Rt 9 EB  0.5  0.3  
11+4000  Rt 9 EB  0.5  0.3  
12+0000  Rt 9 EB  0.5  0.2  
12+1000  Rt 9 EB  0.5  0.4  
12+2000  Rt 9 EB  0.5  0.4  
12+3000  Rt 9 EB  0.5  0.4  
12+4000  Rt 9 EB  0.4  1.0  
13+0000  Rt 9 EB  0.4  0.8  
13+1000  Rt 9 EB  0.4  1.1  
13+2000  Rt 9 EB  0.5  0.4  
13+3000  Rt 9 EB  0.5  0.4  
13+4000  Rt 9 EB  0.5  0.4  
14+0000  Rt 9 EB  0.5  0.4  
14+1000  Rt 9 EB  0.5  0.3  
14+2000  Rt 9 EB  0.6  0.3  
14+3000  Rt 9 EB  0.6  0.3  
14+4000  Rt 9 EB  0.5  0.4  
15+0000  Rt 9 EB  0.5  0.4  
15+1000  Rt 9 EB  0.5  0.4  
15+2000  Rt 9 EB  0.6  0.3  
15+3000  Rt 9 EB  0.5  0.4  
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Design Recommendations 

 
Table 11 – Design Recommendations 

Location 
RP + Feet 

Distress Identified Recommendation* Justification 

0+0000 
To 

15+4147 
Transverse Cracks Do Nothing 

• The transverse cracking is a pavement 
distress that is not related to the 
subgrade 

• No borings required 

3+0430  
To  

3+0600 

Bituminous Patch – 
Bridge Ends Do Nothing 

• Investigated in HES-5-021(023)000 
Linear Soils Report and 
Recommendation (See Appendix F) 

• Attributed to the impact force of traffic 
coming and going from the rigid bridge 
structure to the flexible pavement 

• No borings required 

3+3924  
To  

3+4000 
Rutting – Blade Patch Do Nothing 

• Soils have moderate moisture content, 
marginal swell potential, and a high 
group index 

• Distress only in EB lane in outside 
wheel path 

• Rutting caused by a weaker subgrade 
getting pushed or shoved out on 
outside of lane with less confinement  

• The widening and extra pavement 
surfacing should improve this issue 

• No subgrade work required 

3+5142  
To  

4+1870 

New Asphalt – Vertical 
curve correction in 2014 Do Nothing 

• Vertical curved corrected during in 
2014 under project HES-5-
021(023)000. 

• No borings required 

4+1870  
To  

5+0980 
Rutting – EB Lane Do Nothing 

• Soils have low moisture content, low 
swell potential, and a low group index 

• Soils appear to be uniform throughout 
the area  

• No subgrade work required 

5+1185  
To  

5+1235 

Alligator Cracking – 
Hand Patch -  EB Lane  Do Nothing 

• Soils have moderate to high moisture 
content, marginal to high swell 
potential, and a high group index 

• This area was not investigated in 
project HES-5-021(023)000 as it was 
deemed not a significant problem area. 

• Distress only in EB lane in outside 
wheel path 

• Rutting caused by a weaker subgrade 
getting pushed or shoved out on 
outside of lane with less confinement  

• The widening and extra pavement 
surfacing should improve this issue 

• No subgrade work required 
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Location 
RP + Feet 

Distress Identified Recommendation* Justification 

8+4700 
Alligator Cracking – 

Hand Patch -  Rt Wheel 
Path - EB Lane  

Do Nothing 

• Investigated in HES-5-021(023)000 
Linear Soils Report and 
Recommendation (See Appendix F) 

• Distress only in EB lane in outside 
wheel path 

• Rutting caused by a weaker subgrade 
getting pushed or shoved out on 
outside of lane with less confinement  

• The widening and extra pavement 
surfacing should improve this issue 

• No subgrade work required 

12+3100 
To 

13+1400 

New Asphalt – 
Horizontal curve 

correction in 2014 
Do Nothing 

• Horizontal curve corrected during in 
2014 under project HES-5-
021(023)000. 

• No borings required 
 

Design Information 
 

Compaction Method: T-180 
 
Subgrade Prep: None 
  
Subcut: None 

 
Plan Notes 

 
 None 
 
 

The recommendations in this report are based on the scope specified in the 
Introduction. If the scope of work, vertical profile or horizontal alignment is 
changed, in either the conceptual phase or the design phase, the Geotechnical 
Engineer must be notified as soon as possible to ensure that there is adequate 
geotechnical information addressing these areas.
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PCN
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Plasticity Index (-No. 40)
Plastic Limit

Liquid Limit (-No. 40)
% Clay (-0.005 mm)
% Silt (0.074 - 0.005 mm)
% Fine Sand (-No. 40 + No. 200)
% Coarse Sand (-No. 10 + No. 40)
% Pass. No. 10 Sieve
% Pass. No. 4 Sieve
% Pass. 3/8" Sieve

% Organic Content

Frost Class

Depth, Ft.

Depth (Ft.)      |        Moisture (%)

Distance From CenterLine (Ft.)

Lab Number

Field Sample No.

Soil Color
Textural Class
Soil Class (AASHTO M-145)

Optimum Moisture (%)
Maximum Dry Density (pcf)

Avg. Moisture of Sample Depth

Reference Pt + Feet

25
18

43
38
31
16
6

90
96
98

F3

0.9 - 5.0

3+0340

18.7

Rt 8 EB

510

510

BRN/BLK
CLY

A-7-6(15)

12.4
121.3

2 19.3|
3 16.9|
4 16.5|
5 21.8|

26
18

44
46
41
10
2

98
100
100

F3

0.7 - 5.0

3+0439

17.6

Rt 8 EB

511

511

BRN
CLY

A-7-6(23)

12.9
120.8

2 9.9|
3 12.9|
4 23.5|
5 24.1|
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18

44
46
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1
96
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100

F3

0.6 - 5.0
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Rt 8 EB
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BRN/GRY
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A-7-6(21)

13.0
121.3

2 17.3|
3 23.2|
4 30.0|
5 26.1|
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41
44
35
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1

97
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99

F3

0.6 - 5.0

3+0725

21.4

Rt 8 EB

513
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BRN/GRY
CLY

A-7-6(19)

11.9
121.2

2 18.7|
3 23.5|
4 19.7|
5 23.9|
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2 28.7|
3 18.1|
4 22.2|
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5
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0.6 - 5.0
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Rt 8 EB
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121.3
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